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[57]  ABSTRACT

A damping device comprising a first element in the
form of a bolt whose central rod portion, as a spring,
forms a primary load path between structural elements
between which the damping device is mounted, with a
damping element of viscoelastic material loaded in
shear between a pair of sleeves and forming a secondary
load path, in parallel, with the primary load path to

- damp wvibrations in the structural members.
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- STRUCTURALLY DAMPED BOLT

BACKGROUND OF THE INVENTION

This invention relates, in general, to devices for

mounting structural elements together and for damping
any vibration between these structural elements and
relates, in particular, to a structurally damped bolt, as an

axial load carrying member, with the desired load car-

rying capability in which a damping member is incorpo-
rated to produce the desired damping capability.

It is a primary object of this invention to provide an
element of a structural system which has the required
load carrying capability along with a much increased
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structural damping capability; such capability being in

the order of ten percent or more ef‘ the coefficient of
structural damplng S o

-~ This invention is partlcularly useful for supporting,
isolating, and damping mirrors having stringent optical
performance requirements, where there. are critical
damping requirements, such as, in space structures,
carbon optic mirrors, -and. other commercial applica-
tions such as diesel -engine mounts, where the critical
damping ratio needs to be higher than presently avail-
able and where size and bulk may be a problem. -

Accordingly, it'is still another object of this invention

to provide a structural element as a basic building block

for applications where size and bulk may be a problem
and where a high damping ratio is required. |
‘There are, of course, a number of prior art vibration
damping devices, typical examples of which are shown
in the U.S. Pat. to Inuzuka No. 4,121,813, to Jorn et al
No. 4,007,924, to Hipsher No. 3,584,857, to Mendez No.
3,257,124, to Tiberghien No. 3,667,706, and to Peter
No. 4,158,403: All of these patents are essentially bush-
ings for impact absorbing and vibration damping be-
tween two bodies. None of these patents, however, are
- directed to a device ‘as a basic bulldlng block of a struc-
tural system having an axial load carrying member with

a damper in parallel arrangement therewith to produce

a desired dampmg and load carrying capability.
Accordingly, it is still another object to this invention
to improve the prior art damping devices and provide a

structurally damped bolt with the required load carry-
ing capability along with a much increased darnplng'l

 ability. _ |
- SUMMARY OF THE INVENTION .

The invention which attains foregoing objects is a

- damping device comprising a bolt whose rod portion,
acting as a spring, forms a primary load path between
structural members to which the bolt is connected with

a damper of shear loaded viscoelastic material forming

a second load path in parallel with the primary load
path to damp vibrations in the structural members. The
“ends of the rod are provided with bosses to which me-
tallic sleeves are attached between which the viscoelas-

tic material is sandwiched to shear load the material and
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Thus, the damping device can be used where precision
mounting of structural elements is required..

Accordingly, still another object of this invention is
to provide a mounting device with damping character-
istics which can be used where critical relationships
between structural elements is important.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a perspective view of the damping device of
this invention;

FIG. 2 1s an elevatlonal v1ew, in cross-section, of the
damping device of FIG. 1; and

FIG. 3 is an enlarged view of a portion of the cross-

| seetlonal view of FIG. 2 to show the details of the

device more clearly.

BRIEF DESCRIPTION OF THE PREFERRED
| EMBODIMENT ;

In the drawmgs there is disclosed a dampmg device
10 constructed in accordance with the teachings of this
invention, and comprising a primary load path 12 to
take the basic axial load, shown by. the arrows F, be-
tween two structural elements 14 and 16 and a second-

ary load path 18 in paralle] with the primary load path.

In the embodiment illustrated, the primary load path
12 is a central rod portion 20 and connecting ends 22 of
a bolt, indicated in its entirety as 24, acting operation-
ally as a spring. The ends 22 are connected in any suit-
able manner, as by threading, into threaded counter
bores 26 in the structural elements 14 and 16. The bolt
24 is provided with end bosses 28 integrally formed
between the central portion of the rod 20 and the ends
22.

The secondary load path 18, ie, the damplng element
of the device comprises relatively thin, cylindrical,
metallic sleeves 30 and 32 attached to the pheriphery of
the bosses 28 in any suitable manner, as by adhesive 34.

- These sleeves, each attached at one end only to one of
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the bosses, are arranged in overlapping parallel relation-
ship separated a distance sufficient to allow a relatively
thin viscoelastic damping material 36 to be placed be-

~ tween sleeves and attached to the surface of the sleeves
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facing the damping material in any suitable manner, as
by adhesive, or the viscoelastic damping material could
be a transfer adhesive itself. The length of the sleeves is
less than the distance between the bosses with the visco-
elastic material spanning the overlap between the
sleeves to allow a shear to be transmitted to the visco-
elastic material constrained between the sleeves due to
the oppositely directed movement of the bosses and the

- sleeves when in operation.

33

The bolt 24 and sleeves can be manufactured from
any basic structural material such as steel, aluminum,

titanium, carbon, etc which normally have low coeffici-

ents of structural damping, while the viscoelastic mate-
rial is selected for its damping qualities at a selected

| frequeney and temperature range at which the damping

| dewce 1s to be operated.

thus take advantage of its hlgh energy dlssmatlon ehar- )

actenstlcs |
~ There is another advantage in the constructlon of the

damplng device of this invention, as will be clear from

- a more detailed description hereinafter, and that is the
fact that, by having the damping element as a secondary

- load path, time dependent deflections of the device due

to the creep of the v1scoelast1e material are precluded.

65

While the foregoing disclosed structure appears

~ rather simple, certain additional background materlal 1S

1ncorporated herein concernlng the invention.

As is known, damping requires not only energy stor-
age but also energy dissipation. A good damper must -
not only be capable of storing large amounts of energy,
but also capable of dissipating a large portion of this

- stored energy. Thus, a metal spring, a good energy

storage device, is a poor damper because of lts Iow' |
energy dlSSlpatlon characterlstles |
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Ordinary structural material, such as aluminum, steel,
titanium, carbon, etc, have low coefficients of structural
damping, usually less than one percent and, thus are
considered poor dampers.

On the other hand, viscoelastic materials, having a
high loss factor (its ability to dissipate stored energy),
are frequently used to add damping to a structural sys-

tem. Thus, a viscoelastic layer 1s conventionally added

to a poor damping structure to form a composite struc-
ture having a damping factor higher than the original

structure.

In this connection there are two types of damping
treatments; extensional damping and shear damping.

Extensional damping treatments are characterized by
free viscoelastic layers attached to the surface of a
structure. Bending of the structure produces flexural
- and extensional energy storage in the viscoelastic layer.
Shear has little effect on energy storage for free visco-
elastic layers. It is found, however, that, for a free visco-
elastic layer to be an effective damping treatment, its
stiffness and thickness must be large relative to the
structure being damped. Thus, weight and geometry
limitations restrict the usefulness of free viscoelastic
damping layers as damping treatments in systems re-
quiring critical optical performance requirements.

Shear damping, on the other hand, are characterized
by a viscoelastic layer attached to the basic structure
(beam or sleeve 30 herein) with an elastic “constrain-
ing” layer (sleeve 32 herein) attached to the viscoelastic
layer (layer 36 herein). Shear-strain energy storage
tends to dominate the damping action of constrained
viscoelastic layers. Thus, because of their high effi-
ciency as energy dissipaters, constrained viscoelastic
materials are excellent damping elements.

However, the damping efficiency of viscoelastic ma-
~terials depend, not only on the inherent nature of the
material, but also on the operating temperature and
vibration frequency and since the viscoelastic material
are selected according to their frequency characteristics
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and temperature characteristics, in the practical em-
bodiment of the device constructed in accordance with
the invention, a readily available 3 M viscoelastic tape,
3 M 468, which has a transition temperature near room
temperature, was selected. This tape is supplied in a 3
mil thickness and is a transfer adhesive, like double
sided “Scotch” tape.

Finally, still another factor, not solved in the shear
damping in the prior art is the matter of creep deflec-
tions caused by the inherent properties of the viscoelas-

tic material. Such time dependent creep characteristics
prohibited the use of such materials in precision sys-
tems. Creep deflections simply could not be tolerated in
critical dimension requirements. This is solved in the
present invention by incorporating the viscoelastic ma-
terial only as a secondary and parallel load path in the
damping device, leaving the primary path capable of
meeting the critical dimension (mounting) requirements
of a system.

What is claimed is:

1. A structurally damped device for attenuating the
vibrations between two structural members and having
means for connecting said device to said structural
members comprising:

means defining a first primary load path designed to

take the basic load between said structural ele-
ments; and

means defining a second structural load path in paral-

lel with said primary load path;

said means for defining a primary load path 1s a spring

comprising a bolt having end bosses integral there-
with and wherein said means for defining a second-
ary load path comprises sleeves of material one
attached to each of the end bosses and placed in
overlapping relationship with viscoelastic damping
material located between the sleeves and loaded in

shear.
* * - * *
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